Background
==========

Hydatid Cyst (HC) is a parasitic and endemic public health problem mostly seen in the Eastern region of Turkey, usually affecting the liver. HC is divided into five types (Type I, II, III, IV, and V) according to its contents, by Gharbi \[[@b1-poljradiol-81-310]\]. Type I is a pure cystic and Type V is a pure calcific lesion. The other types range from pure cyst to pure calcific. Both ultrasound (USG) and computed tomography (CT) are used in the differentiation of these types, and the treatment changes depending on the type.

Elastography was first developed by Ophir et al. in 1990--1991 \[[@b2-poljradiol-81-310]--[@b4-poljradiol-81-310]\]. Tissue compression applied by USG probe, is the principle of strain elastography. The compression produces changes in the size and shape of the lesion, i.e. *Strain Index (SI)* \[[@b4-poljradiol-81-310]--[@b7-poljradiol-81-310]\]. Many different types of diseased organs are potential candidates for elastography evaluation. The most appropriate organs are those to which pressure can be applied. Malignant tumoral lesions usually tend to be harder than those of adjacent normal tissue, thus elastography allows to differentiate the malignant lesions using strain. Masses and normal parenchyma of the breast, thyroid, lymph nodes, kidneys and prostate have already been studied with US elastography \[[@b2-poljradiol-81-310],[@b4-poljradiol-81-310],[@b8-poljradiol-81-310],[@b9-poljradiol-81-310]\]. However, in recent times USG elastography has been used in the liver. Some studies focused on the normal liver parenchymal while some other studies focused on fibrosis and masses of that organ \[[@b10-poljradiol-81-310]--[@b13-poljradiol-81-310]\].

In this prospective descriptive study, we evaluated the *SI* of HC types using two different sizes (4 mm and 8 mm) of the region of interest (ROI) and asking two different radiologists (interobserver) for their opinion, because theoretically the *SI* of HC tended to increase from Type I to Type V due to calcification. We expected that *SI* of all V types and of the normal liver parenchyma would be different. We aimed to differentiate the HC types with *SI*, and acceptibility of elastography with interobserver performance. There is no published article about USG elastography in HC, thus our article, being the first, is an important one. The goal of this study was to present the *SI* of HC in radiological databases and to support future studies.

Material and Methods
====================

Institutional review board approval and written informed consents were obtained for this study. There was no conflict of interest in the presented study. This study was conducted between November 2013 and March 2014.

A total of 33 patients with HC were included. The inclusion criteria were: clinical diagnosis of HC and any type of HC. The exclusion criteria were: a simple cyst or non-diagnosed HC of type I and any other liver disease affecting the normal parenchyma.

The USG measurements and USG elastography were carried out by two radiologists (MD and MG, O1 and O2 respectively), with over 8 years of experience in abdominal USG. The radiologists did not see the openion of one another. Each radiologist used ROIs of two sizes (4 mm and 8 mm in diameter). Toshiba Aplio XG (SSA 790A, Toshiba Medical Systems, Nasushiobara, Japan) USG device equipped with a 5--17-MHz convex transducer was used.

Tissue strains of the HC and normal liver parenchyma were calculated quantitatively using the Elasto-Q programme (Pegasus Imaging) of Aplio XG. Elastography was performed after a routine abdominal USG evaluation. Elastography was started by selecting the 'Elast' mode using the 'Elast' button on the device. Compression and decompression with a USG probe was started after activating the elast mode. It was important that the compression in elastography was not too strong and not too weak, to obtain symmetrical sinusoidal waves. Sinusoidal waves could be followed at the bottom of the screen. The compression was applied periodically, with paying attention to symmetrical sinusoidal waves. If symmetrical waves could not be obtained, the examination was repeated. In the sinusoidal wave, the compression phase was above the baseline and the decompression phase was below the baseline. The *SI* measurements were done in the decompression phase. Decompression was more reliable because it was less affected by unbalanced compression. After an ideal sinusoidal wave was obtained we froze the image. Then, an ROI was drawn. In Types I, II and III, the cyctic component was dominant, while in Types IV and V, the solid component was dominant. In Types I, II and III we paid attention to adjust the ROI to the cystic component and in Type IV and V to the solid component but that solid component usually showed a heterogeneous echo pattern. In the application of the device, a 4-mm ROI was adjusted. If the operator did not change the ROI size, the 4-mm size of ROI was used in every case. The reference ROI was adjusted to the center of the cyst and the second ROI was adjusted to the normal liver parenchyma ([Figures 1](#f1-poljradiol-81-310){ref-type="fig"}, [2](#f2-poljradiol-81-310){ref-type="fig"}). The ROIs supplied the operators with the quantitative values of the *strain* with graphic and roman numericals on the right side of the screen. The same protocol was applied for ROI size of 8 mm. The *SI* was calculated automatically by the elastography software of the USG device using the ratio of the strain of normal parenchyma and lesion (HC in this study).

Statistical analysis
--------------------

IBM SPSS version 21 was used for all the statistical analyses (IBM^®^ SPSS^®^ Statistics 21, ^©^ Copyright IBM Corporation 1989, 2012. US). Descriptive statistics were used for demographic data. One-Sample Kolmogorov-Smirnov test was performed to analyze the distribution of the data. The normality of the data distribution was nonparametric. Wilcoxon test was used to determine the differences in *SI*, between O1 and O2 (interobserver) and between ROI sizes of 4 mm and 8 mm. One-Way ANOVA and Post-hoc Dunnett's T3 tests were used to calculate the *SI* differences of HC types for observers and ROIs. Spearman's rho correlation coefficient was used for calculating correlations between *SI* and HC types. And we also used Wilcoxon test for each HC type for observers and ROI sizes.

Continuous variables were expressed as arithmetical mean ± standard deviation. Categorical variables were expressed as percentages (%). Level of significance was set at p≤0.05.

Results
=======

A total of 26 out of 33 patients were female, and seven were male. The mean age was 38.85±17.62 years (range from 10 to 72 years). The distribution of the HC type was as follows: six patients with type I, II and III each, 11 with type IV, and four with type V.

There was no significiant difference in *SI* of HC (regardless of types) between O1 and O2 and between 4-mm and 8-mm ROIs (p\>0.05) ([Table 1](#t1-poljradiol-81-310){ref-type="table"}).

We also studied the *SI* values of HC types ([Table 2](#t2-poljradiol-81-310){ref-type="table"}, [Figure 3](#f3-poljradiol-81-310){ref-type="fig"}). There was no statisticially significant difference in *SI* of HC types between observers (O1--O2) and ROI sizes (4--8 mm) (p\>0.05) ([Table 3](#t3-poljradiol-81-310){ref-type="table"}). Spearman Correlation revealed a positive sided low correlation between *SI* and HC types in different observers and ROI sizes. A higher correlation coefficient was in 4-mm ROIs (Correlation Coefficient was 0.267 and 0.104 for observer 1 and 2, respectively) ([Table 4](#t4-poljradiol-81-310){ref-type="table"}). Almost neither of the *SI* values of each type showed any significance between observers and ROI sizes ([Table 5](#t5-poljradiol-81-310){ref-type="table"}).

Discussion
==========

Elastography is a technique revealing relative tissue stiffness. USG elastography is a new and developing modality that is the subject of active research for clinical applications and is based on the comparison of signals acquired before and after tissue displacement. The first clinical applications were on tissues easy to displace, such as breast, thyroid, soft tissue, prostate and blood vessels. After obtaining promising results through the clinical application of USG elastography on these tissues, more recent studies focused on internal organs and liver in particular, as it was the most compelling organ, being easy to displace.

The initial USG elastography studies on the liver were based on diffuse parenchymal involvement of the liver such as fibrosis. Bota et al. published an article on Acoustic Radiation Force Impulse (ARFI) elastography in liver fibrosis. A total of 415 patients were evaluated in that study and a strong correlation was found with fibrosis and ARFI measurements (r=0.722, p\<0.0001) \[[@b13-poljradiol-81-310]\]. In a study conducted by Koizumi et al., liver stiffness was measured with real-time tissue USG elastography in 70 patients with chronic hepatitis C. The results were compared with clinical assessments of fibrosis using histological stages as the reference standard. The study concluded that real-time tissue sonoelastography could be used to evaluate liver fibrosis in patients with chronic hepatitis C \[[@b14-poljradiol-81-310]\].

There are also many kinds of nodular lesions in the liver (hemangiomas, focal nodular hyperplasia, hepatocellular carcinoma, metastasis) and many imaging modalities (CT, magnetic resonance imaging, USG, Doppler USG, and also nowadays USG elastography) to obtain images and to make a differentiaton. These lesions show similarity in imaging procedures \[[@b15-poljradiol-81-310],[@b16-poljradiol-81-310]\]. Differentiating benign and malignant liver lesions via imaging modalities is essential to avoid interventional procedures such as biopsy. There are a few studies on USG elastography in liver parenchyma and focal liver lesions in the literature \[[@b12-poljradiol-81-310],[@b17-poljradiol-81-310],[@b18-poljradiol-81-310]\]. Thereafter, liver USG elastography studies focused on focal liver masses. In a study published by Onur et al. \[[@b12-poljradiol-81-310]\] 82 patients with 93 different strain index values of focal lesions were studied to differentiate benign and malignant liver masses. The results of the study indicated that liver USG elastography could be helpful for differentiating benign and malignant liver masses. They also reported that there was an overlap between strain index values of benign and malignant liver masses. In the paper of Yu et al. \[[@b18-poljradiol-81-310]\] 89 patients and 105 liver masses were evaluated, and they reported that ARFI elastography might help to differentiate benign masses from metastases. The study of Park et al. bears some similarities with other studies on USG elastography. Similarly to Yu et al., Park et al. also used the ARFI technique for elastography. They also reported that ARFI elastography provides us with some extra information for the differential diagnosis of liver masses with some overlaps in ARFI values \[[@b17-poljradiol-81-310]\]. With these promising studies on focal liver masses, the present study aimed to evaluate USG elastography findings of HC, which is very common in the Caucasion region of Turkey.

The ARFI method was used in the studies of Yu et al. \[[@b17-poljradiol-81-310]\] and Park et al. \[[@b18-poljradiol-81-310]\]. There are different types of USG elastography based on the working principle. These types are strain wave, ARFI, shear wave, and transient elastography, all having their advantages and disadvantages. Strain wave elastography allows for measurements in ascites, which is not possible with ARFI, transient or shear wave elastography. Strain wave elastography presents semiquantitative values and shows operator dependency while ARFI, transient and shear wave elastography present quantitative values and are not operator-dependent \[[@b7-poljradiol-81-310]\]. In our study we used strain elastography and did not find any significant difference between the observers. Thus, we may conclude that strain elastography presents objective values for cystic (Type I, II and III) and solid (Type IV and V) lesions of the liver.

The differential diagnosis of HC includes biliary cystadenoma, pyogenic liver abscess, cystic metastases, and hemorrhagic or infected cysts \[[@b19-poljradiol-81-310]\]. Perhaps the future research studies on elastography in cystic lesions will help to diagnose and differentiate these cystic lesions from each other. Type I HC has also a similar echo patern to a simple cyst \[[@b20-poljradiol-81-310],[@b21-poljradiol-81-310]\]. The elastography value of the cysts is zero in shear-wave elastography \[[@b22-poljradiol-81-310]\]. Type I HC evolves into higher types due to its internal component. The internal component of type I HC and of a simple cyst is different. Perhaps USG elastography study can provide the medical databases with strain values to differentiate simple cysts and type I HCs.

We expected an increase in *SI* with HC types due to their increasing density. Type I is pure cystic and type V is pure calcific, thus there are really significant differences concerning the morphological component of the types. As concerns *SI* values we detected the highest correlation with the 4-mm ROI size, and observer 1 using 4-mm ROI graphic line gave us what we expected. There was an increasing line based on the types, which was noticed for observer 1 using the 4-mm ROI ([Figure 3](#f3-poljradiol-81-310){ref-type="fig"}). We assumed that no significant *SI* values among HC types resulted from some limitations, such as: not enough density differences among HC types, heterogeneous internal component of HC types (except for type I and V) and limitations of USG elastography in cystic lesions.

Type I and type V have a homogenous internal component. Type I is pure cystic and type V pure calcific, but the rest of the types have a heterogeneous internal component. Thus, the location in which the ROI is adjusted affects the measurement. Type 4 is very heterogenous so it is extremely important to adjust the ROI where you want to measure it. Adjusting the ROI to either the cystic or the solid component will change the result. In the light of this knowledge, 'the heterogeneity and the ROI location' is one of the reasons of decreasing *SI* values from type III to type IV. We always try to adjust the ROI to the solid component but sometimes it is not possible to avoid the cystic component, especially with 8-mm ROIs. Thus, the reliability of the measurements with 8-mm ROIs is lower than with the standard-applied 4-mm ROIs. The limitation of USG elastography in cystic lesions follows from serial compression intensity; the higher the intensity, the higher the tension of the internal fluid, characterizing the lesion as solid \[[@b23-poljradiol-81-310]\]. With more patients with homogenous HC type and with a higher number of patients, the *SI* values can become statistically significant, even with a substantial overlap. Despite the substantial overlap of *SI* values we still believe that liver USG elastography together with other imaging modalities can be helpful in detecting HC types, which is very important for HC treatment options. Most of the lines, except for '*SI* observer 1 using the 4-mm ROI' did not show us what we expected. But there was no singificant difference between the observers and ROI sizes.

Conclusions
===========

In this study we used strain elastography and obtained reliable results especially for 4-mm ROIs. Not only ARFI but also strain elastography should be used in liver lesions.

HCs of type I and simple cysts have similar sonographic appearence. They should be differentiated from each other because the treatment and the follow-up is definitely different. Perhaps elastography will reveal the SI values of these cysts and the operator will be able to differentiate these lesions using elastography.

The correlation between the *SI* and types is reliable in standard-applied 4-mm ROIs. There was no statistically significant difference between the observers in *SI* values. Thus, the elastography tecnhnique is objective for HC but not appropriate to differentiate the types.
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![The image shows an ultrasound screen while the elastography programme is active. In the center of the screen, gray-scale USG image and color-coded elastography of the liver and type IV Hydatid Cyst (HC) are seen. There are four different circles in the color-coded region which are regions of interest (ROI). The smaller ones are 4 mm and the bigger ones are 8 mm in diameter. The ROIs have numbers. Number 1 indicates a 4-mm ROI in HC (reference ROI), number 2 indicates a 4 mm ROI in the normal liver parenchyma, number 3 indicates an 8-mm ROI in HC and number 4 indicates an 8-mm ROI in the normal parenchyma. Under the liver image, there is a regular sinusoidal wave. This wave shows the compression and decompression phases of the probe. The compression phase is above the baseline and the decompression phase is below the baseline. In this image the measurements are obtained in the second decompression phase. There are four boxes under the wave, where applications of ROIs are set. On the right side of the screen, there are two graphics indicating the numerical values of the strains obtained with ROIs. Four lines belong to four ROIs. Under the graphic line there are roman numericals seen in the black box. These are numerical values of the strains. We used these numbers in the statistical analysis.](poljradiol-81-310-g001){#f1-poljradiol-81-310}

![The image shows an ultrasound screen while the elastography programme is active. In the center of the screen, gray-scale USG image and color-coded elastography of the liver and type I Hydatic Cyst (HC) are seen. There are four different circles in the color-coded region which are the regions of interest (ROI). The smaller ones are 4 mm and the larger ones are 8 mm in diameter. The ROIs have numbers. Number 1 indicates 4 mm-ROIs in HC (reference ROI), number 2 indicates 4-mm ROIs in the normal liver parenchyma, number 3 indicates 8-mm ROIs in HC and number 4 indicates 8-mm ROIs in the normal parenchyma. Under the liver image, there is a regular sinusoidal wave. This wave shows the compression and decompression phases of the probe. The compression phase is above the baseline and the decompression phase is below the baseline. In this image the measurements are obtained in the fifth decompression phase. There are four boxes under the wave, where applications of ROI are set. On the right side of the screen, there are two graphics indicating the numerical values of the strains obtained with the ROI. Four lines belong to four ROIs. Under the graphic line there are roman numericals seen in the black box. These are numerical values of the strains. We used these numbers in the statistical analysis.](poljradiol-81-310-g002){#f2-poljradiol-81-310}

![The graphic line of *Strain Index (SI)* based on HC types. 'X' axis indicates the HC types (Type I, II, II, IV and V) and 'Y' axis indicates the mean *SI* for both observers and two sizes of the regions of interest (ROI). Colors indicate the measurements of two observers with two different ROI sizes. The 'SI 1--4 mm (blue line)' indicates *SI* of Observer 1 for the 4-mm ROI. 'SI 1--8 mm (green line)' indicates *SI* of Observer 1 for the 8-mm ROI. 'SI 2--4 mm (yellow line)' indicates *SI* of Observer 2 for the 4-mm ROI. 'SI 2--8 mm (purple line)' indicates *SI* of Observer 2 for the 8-mm ROI.](poljradiol-81-310-g003){#f3-poljradiol-81-310}

###### 

Wilcoxon test shows the p values of the interobserver measurements and different sized ROI measurements of *Strain Index (SI)*. 'SI 1--4 mm' indicates *SI* measurement of observer 1 for 4 mm ROI. 'SI 1--8 mm' indicates *SI* measurement of observer 1 for 8 mm ROI. 'SI 2--4 mm' indicates *SI* measurement of observer 2 for 4 mm ROI. 'SI 2--8 mm' indicates *SI* measurement of observer 2 for 8 mm ROI.

  b   SI 18 mm -- SI 14 mm                                       SI 28 mm -- SI 24 mm                                       SI 24 mm -- SI 14 mm                                         SI 28 mm -- SI 18 mm
  --- ---------------------------------------------------------- ---------------------------------------------------------- ------------------------------------------------------------ ---------------------------------------------------------
  Z   −1.456[\*](#tfn1-poljradiol-81-310){ref-type="table-fn"}   −2.403[\*](#tfn1-poljradiol-81-310){ref-type="table-fn"}   −1.459[\*\*](#tfn2-poljradiol-81-310){ref-type="table-fn"}   −.430[\*](#tfn1-poljradiol-81-310){ref-type="table-fn"}
  P   .145                                                       .016                                                       .145                                                         .667

Based on negative ranks;

Based on positive ranks.

###### 

The *Strain Index (SI)* values of Hydatid Cyst types according to observers. 'SI 1--4 mm' indicates *SI* measurement of observer 1 for 4 mm region of interest (ROI). 'SI 1--8 mm' indicates *SI* measurement of observer 1 for 8 mm ROI. 'SI 2--4 mm' indicates *SI* measurement of observer 2 for 4 mm ROI. 'SI 2--8 mm' indicates *SI* measurement of observer 2 for 8 mm ROI.

  N=33         Type I (n=6)   Type II (n=6)   Type III (n=6)   Type IV (n=11)   Type V (n=4)
  ------------ -------------- --------------- ---------------- ---------------- --------------
  SI 1--4 mm   0.91±0.39      4.81±4.13       4.41±2.70        5.59±5.38        7.27±11.85
  SI 1--8 mm   2.96±2.34      13.86±17.04     5.44±3.23        4.68±3.98        3.93±2.71
  SI 2--4 mm   3.01±4.29      3.07±3.10       5.40±8.40        3.17±2.41        2.30±1.69
  SI 2--8 mm   9.1±12.3       3.45±3.06       29.9±37.9        4.59±3.87        6.35±7.60

###### 

One-Way ANOVA test was performed to determine the significance of the *Strain Index (SI)* between HC types. 'SI 1--4 mm' indicates observer 1 using 4 mm ROI. 'SI 1--8 mm' indicates observer 1 using 8 mm ROI. 'SI 2--4 mm' indicates observer 2 using 4 mm ROI. 'SI 2--8 mm' indicates observer 2 using 4 mm ROI.

  One-Way ANOVA                                                           
  --------------- ---------------- ---------- --------- --------- ------- ----------
  SI 1--4 mm      Between groups   121.765    4         30.441    1.021   **.414**
  Within groups   834.941          28         29.819                      
  Total           956.705          32                                     
  SI 1--8 mm      Between groups   464.624    4         116.156   1.898   **.139**
  Within groups   1713.481         28         61.196                      
  Total           2178.105         32                                     
  SI 2--4 mm      Between groups   30.900     4         7.725     .386    **.817**
  Within groups   560.574          28         20.020                      
  Total           591.474          32                                     
  SI 2--8 mm      Between groups   3020.688   4         755.172   2.637   **.055**
  Within groups   8017.543         28         286.341                     
  Total           11038.231        32                                     

###### 

Spearman Correlation reveals positive sided low correlation between *Strain Index (SI)* and HC types in different observers and ROI sizes. The higher correlation coefficient was in 4 mm ROI. 'SI 1--4 mm' indicates *SI* of Observer 1 for 4 mm ROI. 'SI 1--8 mm' indicates *SI* of Observer 1 for 8 mm ROI. 'SI 2--4 mm' indicates *SI* of Observer 2 for 4 mm ROI. 'SI 2--8 mm' indicates *SI* of Observer 2 for 8 mm ROI.

                                                     SI 1--4 mm   SI 1--8 mm   SI 2--4 mm   SI 2--8 mm
  ----------------- ------ ------------------------- ------------ ------------ ------------ ------------
  Spearman's rho    Type   Correlation coefficient   .267         .003         .104         −.003
  Sig. (2-tailed)   .132   .985                      .565         .986                      
  N                 33     33                        33           33                        

Correlation is significant at the 0.01 level (2-tailed).

###### 

Wilcoxon test result of each type. 'SI 1--4 mm' indicates *Strain Index (SI)* of Observer 1 for 4 mm region of interet (ROI). 'SIR 1--8 mm' indicates *SI* of Observer 1 for 8 mm ROI. 'SI 2--4 mm' indicates *SI* of Observer 2 for 4 mm ROI. 'SI 2--8 mm' indicates *SI* of Observer 2 for 8 mm ROI.

                            SI 18 mm -- SI 14 mm                                       SI 28 mm -- SI 24 mm                                       SI 24 mm -- SI 14 mm                                         SI 28 mm -- SI 18 mm
  ------------------------- ---------------------------------------------------------- ---------------------------------------------------------- ------------------------------------------------------------ ------------------------------------------------------------
  Type I                                                                                                                                                                                                       
   Z                        −1.992[\*](#tfn4-poljradiol-81-310){ref-type="table-fn"}   −1.153[\*](#tfn4-poljradiol-81-310){ref-type="table-fn"}   −2.023[\*](#tfn4-poljradiol-81-310){ref-type="table-fn"}     −.734[\*](#tfn4-poljradiol-81-310){ref-type="table-fn"}
   Asymp. Sig. (2-tailed)   **.046**                                                   .249                                                       **.043**                                                     .463
  Type II                                                                                                                                                                                                      
   Z                        −.734[\*](#tfn4-poljradiol-81-310){ref-type="table-fn"}    −.524[\*](#tfn4-poljradiol-81-310){ref-type="table-fn"}    −.524[\*\*](#tfn5-poljradiol-81-310){ref-type="table-fn"}    −1.363[\*\*](#tfn5-poljradiol-81-310){ref-type="table-fn"}
   Asymp. Sig. (2-tailed)   .463                                                       .600                                                       .600                                                         .173
  Type III                                                                                                                                                                                                     
   Z                        −.524[\*](#tfn4-poljradiol-81-310){ref-type="table-fn"}    −2.201[\*](#tfn4-poljradiol-81-310){ref-type="table-fn"}   −.943[\*\*](#tfn5-poljradiol-81-310){ref-type="table-fn"}    −1.572[\*](#tfn4-poljradiol-81-310){ref-type="table-fn"}
   Asymp. Sig. (2-tailed)   .600                                                       **.028**                                                   .345                                                         .116
  Type IV                                                                                                                                                                                                      
   Z                        −.178[\*](#tfn4-poljradiol-81-310){ref-type="table-fn"}    −.578[\*](#tfn4-poljradiol-81-310){ref-type="table-fn"}    −1.778[\*\*](#tfn5-poljradiol-81-310){ref-type="table-fn"}   −.459[\*\*](#tfn5-poljradiol-81-310){ref-type="table-fn"}
   Asymp. Sig. (2-tailed)   .859                                                       .563                                                       .075                                                         .646
  Type V                                                                                                                                                                                                       
   Z                        .000[\#](#tfn6-poljradiol-81-310){ref-type="table-fn"}     −.365[\*](#tfn4-poljradiol-81-310){ref-type="table-fn"}    −.365[\*\*](#tfn5-poljradiol-81-310){ref-type="table-fn"}    −.365[\*](#tfn4-poljradiol-81-310){ref-type="table-fn"}
   Asymp. Sig. (2-tailed)   1.000                                                      .715                                                       .715                                                         .715

Based on negative ranks;

Based on positive ranks;

The sum of negative ranks equals the sum of positive ranks.
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